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ABSTRACT 


Report  No.  7746 

^rpose ;  Determine  at  115  F.^bient  the  performance  and 
cooling  characteristics  of  the  XM-55i  vehicle. 

2.  Method;  High-ambient  performance  and  cooling  tests  were 
conducted  at  full-rack,  3rd  driving  range  with  a  3-5  mph 
headwind. 

3.  Results  and  Conclusions:  a,,  Maximtun  observed  sprocket 
horsepower  was  182  at  2797  rpm  engine  speed  with  the  trans¬ 
mission  in  3rd  driving  range,  lockup,  b.  The  vehicle  at  full- 
fuel  rack  cooled  at  115  F  ambient  with  the  transmission  in 
third  driving  range  at  all  design  operating  speeds.  The 
coolant  thermostat  was  blocked  open  and  the  fan  automatic 
speed  control  removed.  The  highest  lockup  temperatures  were 
obtained  at  an  engine  speed  of  2798  rpm.  Engine  sump  oil, 
coolant  leaving  the  engine  and  oil  leaving  the  transmission 
yiexe  254  F,  197  F  and  235  F  at  115  F  ambient.  The  highest 
converter  temperatures  were  obtained  at  the  lowest  converter 
ratio.  At  a  converter  speed  ratio  of  .36,  engine  sump  oil, 
coolant  leaving  the  engine  and  oil  leaving  the  transmission 
were  261  F,  215  F  and  300  F  at  115  F  ambient.  At  a  converter 
speed  ratio  of  .56,  engine  sump  oil,  coolant  leaving  the  engine, 
and  oil  leaving  the  transmission  were  255  F,  207  F  and  262  P 

at  116  F  ambient.  A  .56  converter  ratio  is  the  ratio  at  the 
minimum  design  vehicle  operating  speed  of  2-|-  miles  per  hour 
with  the  transmission  in  first  driving  range. 
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PROJECT  TITLE:  Cooling  and  Performance  Characteristics  of  the 

XM-551  Armored  Reconnaissance  Airborn  Assault 
Vehicle 

INTRODUCTION 

A  program  was  Initiated  to  determine  the  adequacy  of  the 
cooling  system,  and  the  performance  characteristics  for  the 
XM-551  vehicle  at  115  F  ambient.  The  cooling  system  was  de¬ 
signed  to  prevent  the  power  package  teiiiperatures  from  ex¬ 
ceeding  design  limits.  The  power  package  was  composed  of  a 
liquid-cooled,  compression  ignition  engine  and  a  semi-auto¬ 
matic  transmission.  This  report  covers  the  cooling  and  per¬ 
formance  testing  and  the  evaluation  of  the  results. 

OBJECT 

Determine  at  115  P  '{ambient  the  performance  and  cooling 
characteristics  of  the  XM-551  vehicle. 

SUMMARY 


1.  Performance  Tests 

a.  Maximum  observed  XM-551  sprocket  horsepower  was 
182  at  2797  rpm  engine  speed  with  the  transmission  in  third 
driving  range  lockup. 

b.  Specific  fuel  consiimption  varied  from  .46  pound 
of  fuel  per  sprocket  brake  horse  power  hour  at  2197  rpm  engine 
speed  with  the  transmission  in  third  driving  range  lockup,  to 
,73  pound  of  fuel  per  sprocket  brake  horsepower  hour  with  the 
transmission  in  third  driving  range  converter  at  a  .31  speed 
ratio.  At  a  .56  converter  speed  ratio,  fuel  consumption  was 
,54  pound  of  fuel  per  brake  horsepower  hour. 


2.  Cooling  Tests 


a.  XM-551  vehicle  at  full-fuel  rack  cooled  at  115  F 
ambient  at  all  engine  speeds  with  the  transmission  in  third 
driving  range  lockup.  All  cooling  results  were  obtained  with 
the  coolant  thermostat  blocked  open  and  the  fan  automatic 
speed  control  removed.  Ihe  highest  lockup  temperatures  were 
obtained  at  maximum  engine  speed.  At  an  engine  speed  of  2788 
rpm,  engine  sump  oil,  coolant  leaving  the  engine  and  oil  leav¬ 
ing  the  transmission,  were  254  F,  197  F  and  235  F  at  115  F 
ambient. 


b,  XM-551  vehicle  at  full-fuel  rack  cooled  at  115  F 
ambient  at  all  converter  speed  ratios  down  to  and  including 
.36  with  the  transmission  in  third  driving  range.  The  highest 
temperatures  were  obtained  at  the  lowest  converter  ratio.  At 
a  converter  speed  ratio  of  .36,  engine  sump  oil,  coolant  leav¬ 
ing  the  engine  and  oil  leaving  the  transmission,  were  261  F, 
215  F  and  300  F  at  115  F  ambient.  At  a  converter  speed  ratio 
of  .56,  engine  sump-oil,  coolant  leaving  the  engine  and  oil 
leaving  the  transmission,  were  255  F,  207  F  and  262  P  at  116  F 
ambient. 


The  converter  ratio  is  .56  at  the 
minimum  required  sustained  vehicle 
operating  speed  of  2|-  miles  per 
hour  with  the  transmission  in 
first  driving  range. 

3.  Vehicle  Deficiencies 


a.  During  testing,  the  nickel  cadmium  batteries  were 
found  to  be  covered  with  electrolyte  residue  from  boiling  over. 

b.  Near  the  end  of  the  cooling  tests  a  fuel  leak 
developed  in  the  forward  portion  of  the  left  fuel  cell. 

c.  The  fuel  tank  filler  cap  had  three  locking  lugs. 
Occasionally  when  installing  the  cap  only  two  of  the  lugs 
would  engage. 

d.  During  preliminary  testing  with  the  vehicle  exhaust 
system  connected  to  the  laboratory  exhaust  blower  the  engine 
turbocharger  leaked  oil. 
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CONCLUSION 


The  XM-551  vehicle  at  full-fuel  rack  cooled  at  115  P 
ambient  with  the  transmission  in  third  driving  range  at  all 
design  operating  speeds  (coolant  thermostat  blocked  open  and 
the  fan  automatic  speed  control  removed). 

RECOMMENDATIONS 

It  is  recommended  that  the  XM-551  vehicle  cooling 
characteristics  be  determined  with  the  engine  coolant  ther¬ 
mostat  and  fan  automatic  speed  control  in  operation. 

TEST  MATERIAL 

1.  XM-551  Armored  Reconnaissance  Airborn  Assault  Vehicle, 

R  and  D  Pilot  No.  2,  U.S.  Army  12  Z  287.  The  vehicle  is  shown 
set  up  in  the  test  cell  in  Figures  1  through  4.  Figure  1 
shows  the  right  front  and  Figure  2  shows  the  front  view  of 
the  vehicle.  Figure  3  shows  the  right  rear  of  the  vehicle, 
gun  to  the  rear,  and  Figure  4  shows  the  right  rear  of  the 
vehicle,  gun  forward.  Figures  5  through  7  show  the  power 
package.  Figure  8  shows  the  radiator.  Figures  9  and  10  show 
the  power  package  installed  in  the  vehicle.  Vehicle  com¬ 
ponents  concerned  in  the  tests  are  described  below: 

a.  Compression-ignition  engine 

Code  E-177  engine  was  a  318.6  cubic  inch,  liquid 
cooled,  V-6,  two-cycle  engine.  The  engine  was  super  charged 
with  both  a  Roots  blower  and  a  turbo-charger.  The  engine  oil 
was  cooled  by  an  oil-to-coolant  heat  exchanger. 

b.  Semi-automatic  transmission 

Code  T-23  transmission  included  a  hydraulic  torque 
converter  with  a  lockup  clutch.  The  planetary  range  gearing 
in  combination  with  the  steer  and  output  planetary  sets  provide 
four  forward  and  two  reverse  driving  ranges.  The  transmission 
also  incorporated  geared  steer,  clutch  brake,  and  pivot  steer 
systems  and  full  multiple  wet-plate  brakes.  The  transmission 
included  the  final  drive  gears.  The  transmission  oil  was 
cooled  by  an  oil-to-coolant  heat  exchanger.  The  transmission 
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overall  gear  ratios  in  each  driving  range  were  as  follows: 


(1)  First  -  19.83:1 

(2)  Second  -  13.49:1 

(3)  Third  -  7.19:1 

(4)  Fourth  -  3.20:1 

(5)  Reverse  1  -  15.18:1 

(6)  Reverse  2  -  6.75:1 

c.  Cooling  fan,  vane-axial  type  with  autdjnatic  speed 

control. 

d.  Radiator,  aluminum,  cross-flow  type  with  indepen¬ 
dently  mounted  expansion  tank. 

e.  Engine  and  transmission  oil  heat  exchangers,  oil- 
to-coolant  type  mounted  on  the  right  side  of  the  engine. 

f.  Grilles,  ballistic  type. 

2.  Fuel,  VV-F-800,  Grade  DF-2  dated  17  December  1954. 

3.  Oil,  MIL-L-2104A,  Supplement  1,  Grades  10  and  30. 

4.  Coolant,  tap  water  with  rust  inhibitor.  Three  12- 
ounce  cans  of  Code  0-5  rust  inhibitor  were  added  to  one  fill¬ 
ing  of  the  cooling  system. 

TEST  EQUIPMENT 

Test  cell  No.  5,  Bldg.  212,  with  associated  equipment 
and  instrumentation. 

The  cell  is  capable  of  operating  at  temperatures  from 
outside  ambient  to  160  F,  with  winds  from  3  to  7  miles  per 
hour.  Power  absorption  equipment  is  located  in  two  rooms  on 
either  side  of  the  test  cell.  See  Figures  1  through  4. 

Included  in  the  cell  equipment  is  an  automatic  warning  and  shut¬ 
down  system  which  will  sound  an  alarm  as  a  warning,  and  stop 
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the  test  if  a  temperature  or  pressure  becomes  critical.  Auto-' 
matic  data  print-out  for  temperature  and  pressures  is  used.  As 
many  as  400  pressure  and  temperature  variables  can  be  printed 
out  in  five  minutes.  Figure  11  shows  the  control  panel  in 
the  test  cell  control  room.  Included  in  the  cell  was  the 
following  equipment: 

1.  Thermocouples,  50,  iron  constantan,  ISA  type  "Y", 
with  Bristol  meter  and  a  semi-automatic  electrical  typing 
system  for  recording. 


cl  • 

Air, 

ambient,  (4) 

b. 

Air, 

entering  inlet  grille  (6) 

c. 

Air, 

entering  radiator,  (8) 

d. 

Air, 

leaving  radiator,  (8) 

e. 

Air, 

leaving  exit  grille,  (6) 

f. 

Air, 

entering  air  cleaner 

g- 

Air, 

entering  turbocharger 

h. 

Air, 

air  box 

i. 

Air, 

battery  box 

j  • 

Air, 

above  transmission,  left 

k. 

Air, 

above  transmission,  right 

1. 

Coolant,  leaving  engine  right  bank 

m. 

Coolant,  leaving  engine  left  bank 

n. 

Coolant,  entering  radiator 

o. 

Coolant,  leaving  radiator 

P* 

Coolant,  entering  oil  coolers 
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q.  Coolant,  leaving  oil  coolers 

r.  Oil,  engine  sump 

s.  Oil,  engine  turbine  drain 

t.  Oil,  entering  transmission 

u.  Oil,  leaving  transmission 

V.  Fuel,  leaving  tank 

w.  Fuel,  entering  engine 

2.  Thermocouples,  7,  chromel  alumel  with  Brown  push 
button  indicating  meter  located  as  follows: 

a.  Gases,  exhaust,  entering  turbocharger 

b.  Gases,  exhaust,  leaving  each  cylinder,  (6) 

3.  Pressure  transducers,  4,  Vibratron  digital  gage,  B. 

J.  Electronics,  Borg-Warner  Corporation  with  semi-automatic 
typing  system  located  as  follows: 

a.  Coolant,  surge  tank,  0  to  30  psi 

b.  Oil,  engine  gallery,  0  to  160  psi 

c.  Oil,  transmission  main,  0  to  400  psi 

d.  Oil,  entering  transmission,  0  to  160  psi 

4.  Pressure  gage,  0  to  160  psi.  Bourdon  Type,  Marsh 
Instrument  Co.,  indicating  fuel  pressure  entering  engine. 

5.  Manometer,  indicating  ambient  air  pressure  in  the  0 
to  30  Inches  water  range. 

6.  Manometer  indicating  air  box  pressure  in  the  0  to 
30  inches  mercury  range. 

7.  Force  gage  measuring  equipment,  General  Electric  (2) 
range  0  to  87,000  lb.  ft  torque  with  two  Brown  indicating  units. 
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8.  Absorption  dynamometers  with  gear  boxes  (2) 
General  Electric. 

The  maximum  stall  torque  is  68,000  lb.  ft.  Maximum 
torque  at  15  rpm  is  44,000  lb.  ft.  Maximum  shaft  speed  at 
high  torque  ratio  is  360  rpm  and  the  maximum  shaft  speed  in 
direct  drive  is  3000  rpm. 

9.  Chronotachometer  ,  Electric  Time  Company,  range 
0  to  7000  rpm,  with  adjustable  over  speed  limit  and  four- 
pole  synchronous  generator  for  engine  speed. 

10.  Chronotachometers  (2)  Electric  Time  Company, 
range  0  to  2000  rpm  and  Selsyn  generators  for  absorption 
dynamometer  speeds. 

11.  Carbon-monoxide  detecting  instrumentation,  Mine 
Safety  Appliances  Company,  range  .000  to  .  150  percent  carbon 
monoxide  concentrations. 

12.  Combustible  gas  detecting  instrumentation,  David 
Instrument  Division,  David  Equipment  Company. 

13.  Velometer,  Hastings  for  indicating  test  cell 
wind  velocity. 

14.  Barometer,  Central  Scientific  Company. 

15.  Engine  fuel  flow  measuring  system.  Harvard  Trip 
Balance,  and  Electric  Time  Company  Timer. 

TEST  PROCEDURE 

XM-551  vehicle  cooling  and  performance  tests  were  con¬ 
ducted  in  accordance  with  Power  Plant  Laboratory  Test  Program 
No.  575  dated  11  July  1962  (Inclosure  1)  and  directives  from 
the  project  engineer.  All  tests  were  conducted  at  full-fuel 
rack  in  third  driving  range  with  a  3  to  5  mph  headwind.  The 
tracks  were  removed  for  testing.  Coolant  thermostat  was 
blocked  for  maximum  flow.  The  fan  automatic  speed  control  was 
removed.  This  speed  control  was  designed  to  operate  the  fan 
only  when  cooling  was  required.  The  fan  during  testing 
operated  at  a  constant  fan  shaft  to  engine  crank  shaft  speed 
ratio.  Engine  stall  speed  was  checked  before  and  after  each 
day's  testing. 
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1.  Vehicle  performance  tests  were  conducted  at  an 
ambient  temperature  of  115  +  5  P.  The  length  of  each  test 
was  only  the  time  required  to  record  one  complete  set  of 
data  (10  to  15  minutes).  Fuel  was  pumped  to  the  engine  from 
laboratory  tanks.  Tests  were  conducted  under  the  following 
conditions : 

a.  Engine  speed  2797  rpm,  transmission  in  lockup 

b.  Engine  speed  2601  rpm,  transmission  in  lockup 

c.  Engine  speed  2400  rpm,  transmission  in  lockup 

d.  Engine  speed  2197  rpm,  transmission  in  lockup 

e.  Engine  speed  2000  rpm,  transmission  in  lockup 

f.  Transmission  at  .76  converter  speed  ratio 

g.  Transmission  at  .72  converter  speed  ratio 

h.  Transmission  at  .63  converter  speed  ratio 

i.  Transmission  at  .61  converter  speed  ratio 

j.  Transmission  at  .56  converter  speed  ratio 

k.  Transmission  at  .48  converter  speed  ratio 

l.  Transmission  at  .42  converter  speed  ratio 

m-  Transmission  at  .31  converter  speed  ratio 

2,  Vehicle  cooling  tests  except  Ttest  1  were  conducted 
at  an  ambient  temperature  of  115  +  i  F.  Test  1  was  conducted 
at  the  ambient  temperature  which  caused  the  temperature  of 

the  oil  leaving  the  transmission  to  stabilize  at  300  F  at  a 
.3  converter  speed  ratio.  Each  test  was  conducted  until  all 
pertlnant  temperatures  stabilized  (30  to  90  minutes).  Tests 
were  conducted  using  fuel  from  the  vehicle  tanks.  Tests  were 
conducted  under  the  following  conditions: 
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a.  Engine  speed  2805  rpm,  transmission  in  lock¬ 
up,  furret  facing  to  the  rear  (see  Figure  3) 

b.  Engine  speed  2599  rpm,  transmission  in  lock¬ 
up,  furret  facing  to  the  rear 

c.  Engine  speed  2399  rpm,  transmission  in  lock¬ 
up,  turret  facing  to  the  rear 

d.  Engine  speed  2206  rpm,  transmission  in  lock¬ 
up,  turret  facing  to  the  rear 

e.  Engine  speed  2001  rpm,  transmission  in  lock¬ 
up,  turret  facing  to  the  rear 

f.  Transmission  at  ,81  converter  speed  ratio, 
turret  facing  to  the  rear 

g.  Transmission  at  ,71  converter  speed  ratio, 
turret  facing  to  the  rear 

h.  Transmission  at  ,62  converter  speed  ratio, 
turret  facing  to  the  rear 

i.  Transmission  at  ,52  converter  speed  ratio, 
turret  facing  to  the  rear 

j.  Transmission  at  ,41  converter  speed  ratio, 
turret  facing  to  the  rear 

k.  Transmission  at  ,31  converter  speed  ratio, 
turret  facing  to  the  rear 

l.  Transmission  at  ,30  converter  speed  ratio, 
turret  facing  to  the  rear 

m.  Engine  speed  2796  rpm,  transmission  in  lock¬ 
up,  turret  facing  forward  (see  Figure  4) 

n.  Engine  speed  2798  rpm,  transmission  in  lock¬ 
up,  turret  facing  forward 

o.  Transmission  at  .40  converter  speed  ratio 
turret  facing  forward 

p.  Transmission  at  ,36  converter  speed  ratio 
turret  facing  forward 
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RESULTS  AND  DISCUSSION 

Results  of  XM-551  vehicle  performance  and  cooling  tests 
are  discussed  below: 

1,  Performance  Tests 

Performance  results  of  the  full-fuel  rack  tests  are 
presented  in  Table  I.  Performance  tests  are  referred  to  by 
the  paragraph  niunbers  they  are  listed  under  in  the  Test  Pro¬ 
cedure  Section  of  the  report.  All  values  are  observed.  Test 
cell  ambient  temperature  was  115  +  5  P  and  fuel  temperature 
103  to  112  P  for  all  tests.  The  transmission  wa.s  in  third 
driving  range.  The  results  are  plotted  in  Pigure  12, 

a.  Maximum  observed  sprocket  brake  horsepower  was 
182  at  2797  rpin  engine  speed  with  the  transmission  in  lockup, 
Performance  Tept  a.  Design  maximum  engine  operating  speed  is 
2800  rpm,  Spejcific  fuel  consumption  for  this  test  was  ,53 
pound  of  fuel  per  sprocket  brake  horsepower  hour, 

b.  Minimum  specific  fuel  consumption  was  .46  pound 
of  fuel  per  sprocket  brake  horsepower  hour  at  2197  rpm  engine 
speed,  Performance  Test  d.  The  transmission  was  in  lockup. 
Observed  sprocj^et  horsepower  was  165, 

c.  Minimum  engine  operating  speed  attempted  with  the 
transmission  l:i|i  lockup  was  2000  rpm,  Performance  Test  e.  Ob¬ 
served  sprocket  horsepower  was  151  at  2000  rpm  engine  speed. 
Specific  fuel  consumption  for  this  test  was  ,47  pound  of  fuel 
per  sprocket  b^-ake  horsepower  hour, 

d.  Mtiximum  engine  operating  speed  was  2500  rpm  to 
2600  rpm  with  the  transmission  in  converter.  This  was  at  a 
converter  speed  ratio  of  approximately  ,8,  Observed  sprocket 
horse  power  was!  157  at  2486  rpm  engine  speed  with  the  trans¬ 
mission  at  a  cct)nverter  speed  ratio  of  ,76,  Performance  Test  f. 
Specific  fuel  consumption  was  .53  pound  of  fuel  per  sprocket 
brake  horsepower  hour, 

e.  Mj.nlmum  design  vehicle  operating  speed  is  21- 
miles  per  hour  in  first  driving  range.  This  requires  a  con¬ 
verter  speed  ra.tlo  of  ,56,  At  ,56  converter  speed  ratio  with 
the  transmission  in  third  driving  range  (the  driving  range 
where  all  testing  was  performed)  sprocket  horsepower  was  141, 
Performance  Test  j.  Specific  fuel  consiimption  was  ,54  pound 
of  fuel  per  brejke  horseppwer  hour. 
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f.  Minimum  convertor  speed  ratio  attempted  was  .31, 
Performance  Test  m.  Observed  sprocket  horsepower  at  .31  con~ 
verter  speed  ratio  was  102.  Specific  fuel  consumption  was  .73 
pound  of  fuel  per  brake  horsepower  hour. 

2.  Cooling  Tests 

Results  of  the  full-fuel  rack  cooling  tests  are  pre¬ 
sented  in  Table  II.  Cooling  tests  are  referred  to  by  the  para¬ 
graph  numbers  they  are  listed  under  in  the  Test  Procedure  Section 
of  the  report.  All  cooling  results  were  obtained  with  the 
coolant  thermostat  blocked  open  and  the  fan  automatic  speed 
control  removed.  Design  maximum  temperatures  for  engine  sump 
oil,  coolant  leaving  the  engine  and  oil  leaving  the  transmis¬ 
sion,  were  285  P,  230  P  and  305  P  respectively.  Temperature, 
power  and  speed  data  with  the  turret  facing  to  the  rear  are 
plotted  in  Pigure  13.  Ibese  curves  show  that  the  higher  cool¬ 
ing  loads  were  encountered  at  the  maximum  and  minimum  engine 
speeds  with  the  transmission  in  either  lockup  or  converter, 
liie  transmission  was  in  third  driving  range. 

a.  XM-551  vehicle  cooled  (operated  without  exceeding 
temperature  limits)  at  an  engine  speed  of  2805  rpm  with  the 
transmission  in  lockup.  Cooling  Test  a.  This  was  design  maxi¬ 
mum  engine  speed.  Ambient  temperature  was  115  P.  Engine  ( 
sump  oil,  coolant  leaving  the  engine  and  oil  leaving  the  trans¬ 
mission,  temperatures  stabilized  at  253  P,  195  P  and  229  P. 

This  test  was  conducted  with  the  turret  facing  to  the  rear. 

With  the  turret  facing  forward, engine  sump  oil  ran  only  1  P 
hotter,  coolant  leaving  the  engine  1  P  hotter  and  oil  leaving 
the  transmission,  from  2  P  cooler  to  6  P  hotter.  Cooling  Tests 
m  and  n.  The  two  turret  positions  (forward  and  rear)  were  con¬ 
sidered  to  be  the  two  most  adverse  positions  for  cooling  as 
they  blocked  the  greatest  portion  of  the  inlet  grille. 

b.  XM-551  vehicle  cooled  at  an  engine  speed  of  2001 
rpm  with  the  transmission  in  lockup.  Cooling  Test  1.  This  was 
the  minimum  engine  operating  speed  attempted  with  the  trans¬ 
mission  in  lockup.  Ambient  temperature  was  115  P.  Engine  sump 
oil,  coolant  leaving  the  engine  and  oil  leaving  the  transmission, 
temperatures  stabilized  at  243  P,  194  P  and  219  P.  This  test 
was  conducted  with  the  turret  facing  to  the  rear. 

c.  XM-551  vehicle  cooled  with  the  transmission  in 
converter  at  a  speed  ratio  of  .81,  Cooling  Test  f.  This  was 
the  maximum  converter  ratio  attempted.  Ambient  temperature  was 
115  P,  Engine  sump  oil,  coolant  leaving  the  engine  and  oil 
leaving  the  transmission,  temperatures  stabilized  at  262  P, 
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207  P  and  267  P.  The  turret  was  facing  to  the  rear. 

d.  Minimum  required  sustained  vehicle  operating  speed  is 
2^  miles  per  hour  in  first  driving  range.  This  requires  a  con¬ 
verter  speed  ratio  of  .56.  A  .56  converter  speed  ratio  in  third 
driving  range  is  a  point  falling  between  Cooling  Tests  h  and  i. 
The  cooling  load  varies  a  negligible  amount  from  one  gear  range 
to  another  as  long  as  the  converter  speed  ratio  is  the  same. 
XM-551  vehicle  cooled  with  the  transmission  in  converter  at  a 
speed  ratio  of  .56.  Ambient  temperature  was  116  P.  Engine 
sump  oil,  coolant  leaving  the  engine  and  oil  leaving  the  trans¬ 
mission,  temperatures  were  255  P,  207  P  and  262  P.  This  test 
was  conducted  with  the  turret  facing  to  the  rear. 

e.  XM-551  vehicle  failed  to  cool  with  the  transmis¬ 
sion  in  converter  at  a  speed  ratio  of  a  .31,  Cooling  Test  k. 
Ambient  temperature  was  116  P,  Engine  sump  oil  and  coolant 
leaving  the  engine  tmmperatures  stabilized  at  268  P  and  223  P, 
These  temperatures  were  below  the  design  maximum  limits.  Oil 
leaving  the  transmission  temperature  at  316  P,  however,  ex¬ 
ceeded  the  design  maximum  limit  of  300  P.  The  turret  was  fac¬ 
ing  to  the  rear  for  this  test, 

f.  To  find  the  exact  converter  speed  ratio  at  which 
the  oil  leaving  transmission  temperature  stabilized  at  300  P 

and  also  to  further  check  the  influence  of  the  turret  facing  for¬ 
ward,  Cooling  Test  p  was  conducted.  XM-551  vehicle  cooled  with 
the  transmission  in  converter  at  a  speed  ratio  of  .36.  Ambient 
temperature  was  115  P.  Engine  sump  oil,  coolant  leaving  the 
engine  and  oil  leaving  the  transmission,  temperatures  stabilized 
at  261  P,  215  P  and  300  F.  These  temperatures  were  all  within 
2  P  of  the  temperatures  during  the  cooling  test  with  the  turret 
facing  to  the  rear.  For  the  comparative  cooling  data  with  the 
turret  facing  to  the  rear,  an  Interpolation  between  Cooling  Tests 
j  and  k  must  be  made.  A  direct  comparison  can  also  be  made 
between  Cooling  Tfest  j  with  the  turret  facing  to  the  rear  and 
Cooling  Test  o  with  the  turret  facing  forward.  At  a  converter 
speed  ratio  of  .40  to  .41  engine  sump  oil,  coolant  leaving  the 
engine  and  oil  leaving  the  transmission,  temperatures  agreed 
within  2  P.  Ambient  temperatures  were  115  to  116  P. 

g.  To  determine  the  ambient  temperature  at  which  the 
oil  leaving  the  transmission  temperature  would  stabilize  at 
300  P  at  a  .3  converter  speed  ratio.  Cooling  Test  1  was  con^ 
ducted.  At  85  P  ambient  XM-551  vehicle  cooled  with  the  trans¬ 
mission  in  converter  at  a  speed  ratio  of  .30.  Engine  sump  oil, 
coolant  leaving  the  engine  and  oil  leaving  the  transmission. 
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temperatures  stabilized  at  242  F,  192  P  and  300  P.  The  turret 
was  facing  to  the  rear.  At  116  P  ambient  the  vehicle  had  cooled 
at  .31  converter  speed  ratio  with  engine  sump  oil,  coolant  leav¬ 
ing  the  engine  and  oil  leaving  the  transmission,  temperatures  of 
268  P,  223  F  and  316  F,  Cooling  Test  k.  Lowering  the  ambient 
temperature  31  P  lowered  the  oil  leaving  the  transmission  tem¬ 
perature  16  F.  Two  factors  were  mainly  responsible  for  this 
two-degree  ambient  temperature  reduction  required  per  one-de¬ 
gree  transmission  temperature  reduction. 

(1)  As  the  ambient  was  lowered  the  engine  de¬ 
veloped  more  power  and  speeded  up  (sprocket  speed  con¬ 
stant).  This  put  more  heat  into  the  transmission  oil 
requiring  a  still  lower  ambient  temperature  for  stabi¬ 
lization. 

(2)  The  converter  speed  ratio  was  slightly  lower 
(.30  versus  .31)  with  its  accompanying  greater  trans¬ 
mission  inefficiency. 

h.  The  turbocharger  exhaust  turbine  inlet  design 
maximtm  temperature  was  1350  P.  During  testing  the  highest  tem¬ 
perature  recorded  was  1000  P. 

i.  Fuel  temperatures  never  stabilized  during  test¬ 
ing.  Since  the  engine  returned  hot  fuel  to  the  tank,  as  the 
test  progressed,  the  fuel  entering  the  engine  temperature  con¬ 
tinually  increased.  The  maximum  fuel  temperature  would  there¬ 
fore  be  expected  just  prior  to  complete  fuel  run-out  after 
operating  at  full  load  for  a  considerable  time.  This  test  was 
not  conducted.  However,  the  temperature  of  the  fuel  entering 
the  engine  did  reach  179  P  at  the  end  of  Cooling  Test  k, 

j.  Battery  air  temperatures  were  as  high  as  183  P, 
Cooling  Test  k. 

Vehicle  Deficiencies 


A,  During  testing  the  nickel  cadmium  batteries  were  found 
to  be  covered  with  electrolyte  residue  Indicating  boil-over. 

See  Figure  14.  Bolling  of  the  battery  electrolyte  was  also  ob¬ 
served  Immediately  after  shutdown  operation  at  115  P  ambient. 
High  battery-box  ambient  temperature  (183  P  in  Cooling  Test  k) 
combined  with  the  battery  heat  generation  during  normal  battery 
charging  to  cause  this  boiling  of  the  electrolyte. 

b.  Near  the  end  of  the  cooling  tests  a  fuel  leak  developed 
in  the  forward  portion  of  the  left  fuel  cell. 
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c.  The  fuel  tank  filler  cap  had  three  locking  lugs.  Oc¬ 
casionally  only  two  of  the  lugs  engaged. 

d.  During  preliminary  testing,  the  vehicle  exhaust  system 
was  connected  to  the  laboratory  exhaust  blower.  A  slight  nega¬ 
tive  pressure  was  produced.  The  engine  turbocharger  oil  seal 
under  these  conditions  leaked  oil.  The  vehicle  exhaust  system 
was  disconnected  from  the  laboratory  exhaust  blower  and  allowed 
to  exhaust  into  the  cell  for  all  remaining  testing.  No  more 
oil  leakage  was  encountered.  Under  field  operation  the  turbo¬ 
charger  should  not  leak.  However,  with  the  vehicle  operated 

in  a  maintenance  shop  with  its  exhaust  system  connected  to  the 
shop  exhaust  blower,  this  difficulty  could  be  encounterdd. 
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POWER  PLANT  LABORATORY 
Test  Program  No.  575 


11  July  1962 

TITLE;  Cooling  and  Performance  Test  of  Power  Package  for  XM  551 
Self-Propelled  Vehicles 


OBJECT 

Determine  adequacy  of  cooling  system  for  power  package  in 
XM  551  self-propelled  vehicle  in  preventing  critical  temperatures 
from  exceeding  specified  limits  at  full  power  and  vehicle  ambient 
temperature  of  115  F. 

OUTLINE  OP  PROBLEM 

A  cooling  system  is  being  developed  for  the  power  package  in 
XM  551  self-propelled  vehicle.  The  purpose  of  the  cooling  system 
is  to  cool  the  engine  coolant,  engine  oil,  and  transmission  oil. 

An  XM  551  vehicle  is  being  submitted  for  tests  at  high  vehicle 
ambient  temperatures.  The  cooling  system  will  be  tested  with 
engine  at  full  power  and  with  transmission  in  lock-up  and  converter 
ratios  from  0,8  to  0.3.  Ambient  temperatures  of  the  vehicle  will 
be  from  95  to  115  P.  If  cooling  system  is  inadequate,  tests  will 
be  conducted  within  limits  of  funding  to  obtain  information  for 
correcting  the  deficiencies. 

TEST  MATERIAL 

1.  6V53T  engine 

2.  XTG  250  transmission 

3.  Oil  for  engine  —  MIL-L-2104A,  Sup.  1,  Grade  30,  date  (not 
available). 

4.  Oil  for  final  drives  and  transmission  —  MIL-L-2104A, 

Sup.l,  Grade  10,  date  (not  available). 

5.  Fuel  —  VV-P-800,  Grade  DF-2,  17  December  1954, 

6.  Coolant  —  tap  water  with  rust  inhibitor. 

TEST  EQUIPMENT 

1,  Test  Cell  No.  5,  Bldg.  212,  Detroit  Arsenal.  This  cell  is 
25  feet  wide,  45  feet  long,  and  22  feet  in  height.  Air  at  velocitit 
from  3" to  7  mph  can  be  applied.  Air  temperature  can  be  regulated 
to  a  maximum  of  160  P.  The  dynamometer  equipment  is  installed  in 
adjacent  cells  to  minimize  interference  with  air  flow  through  the  ct 
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The  following  associated  equipment  of  this  cell  will  be  used: 

a.  Blowers  and  steam  heaters  to  produce  vehicle  ambient 
temperatures  to  115  F. 

b.  Load  dynamometers  with  speed  increasers;  one  set  for 
connection  to  each  track  sprocket  drive  shaft,  maximum  stall  torque 
load  --  .'dSj.QOCL  lb.  ft.,  torque  load  at  15  rpm  --  4'4,.00®  lb.  ft,, 
maximum  shaft  speed  at  high  torque  ratio  —  360  rpm,  maximum  shaft 
speed  in  direct  drive  —  2000;  rpm. 

c.  Controls  for  applying  and  balancing  the  output  loads.; 

d.  Chronotachometers,  Electric  Time  Company,  Selsyn-Type 
for  output  speeds,  synchronous  type  for  engine  speed. 

e.  A  semi-automatic,  electrical  typing  system  for 
recording  pressures,  temperatures,  and  time.  It  is  manually 
started  for  each  series  of  recordings. 

f.  Pressure  transducers,  vibrotron  digital  gage,  BJ 
Electronics,  Borg-Warner  Corporation  for  measuring  air,  coolant, 
and  oil  pressures. 

g.  Automatic  shut-down  system  for  limits  of  pressures 
and  temperatures. 

2.  Barometer,  Central  Scientific  Company 

3.  Psychrometer ,  Bendix-Priez,  equipped  with  blower 

4.  Thermocouples,  iron-constantan,  ISA  type  "Y”  wire  fabri¬ 
cated  for  measuring  air  temperatures  in  open  areas. 

5.  Thermocouples,  immersion,  iron-constantan,  ISA  Type  "Y" 
wire  for  measuring  temperatures  of  engine  air,  engine  coolant, 
and  oil. 


6.  Velometer  for  measuring  velocity  of  wind. 

TEST  PROCEDURE 

1.  Preparation 

a.  Drain  engine  crankcase.  Pill  with  Mil-L-2104A,  Sup.  1, 
Grade  30  oil.  Measure  and  record  the  amount  required  to  fill  to 
full  level. 

•  ■  e 

b.  Drain  transmission.  Fill  with  Mil“L-2104A,  Sup.  1, 

Grade  10  oil.  Measure  and  record  the  amount  required  to  fill  to 
full  level. 
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c.  Drain  engine  cooling  system.  Pill  with  tap  water 
and  rust  inhibitor  (Spec.  No.  0  I  490  (1)).  Measure  and  record  th 
amount  required  to  fill  radiator. 

d.  Drain  fuel  tanks.  Fill  with  VV-F-800,  Grade  DP-2, 

fuel, 

e.  Secure  thermostat  at  maximum  open  position. 

f.  Install  vehicle  in  Cell  5,  Bldg.  212.  Remove  sprocke 
and  install  adapters  to  connect  drive  to  dynamometer.  Align  axles 
with  dynamometer  shafts.  Concentricity  shall  be  within  0.12  inch 
T. I.R.  Angularity  of  axles  shall  be  within  0.12  inch  T.I.R.  at  a 
20-inch  diameter.  Secure  each  corner  of  vehicle  to  "T"  bed  with 
chain  hoists. 


g.  Connect  automatic  shut-down  system  to  shut-down 

throttle. 

h.  Check  that  governor  limits  engine  speed  at  3050  rpm 
at  no  load.  This  will  insure  operation  at  2800  rpm  full  load 
with  no  governor  interference. 

2.  Instrumentation 


Provide  instrumentation  to  measure  the  following: 


a.  Speed  of  engine 

b.  Speed  of  each  sprocket 

c.  Output  torque  of  each  sprocket 

d.  Velocity  of  wind 

e.  Fuel  consumption  (for  initial  power  test) 

f.  Temperatures  of  the  following: 


(1) 

Air , 

(2) 

Air, 

(3) 

Air, 

(4) 

Air, 

(5) 

Air , 

(6) 

Air, 

(7) 

Air , 

00 

Air, 

vehicle  ambient  (4) 

entering  inlet  grilles  (6) 

entering  radiator  (8) 

leaving  radiator  (8) 

entering  exit  grilles  (6) 

entering  air  cleaner 

entering  turbocharger  compressor 

air-box 
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C9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 
(21) 
(22) 
(23) 


Air,  battery  ambient 

Exhaust  gases,  entering  turbocharger  turbine 
Exhaust  gases,  exhaust  port,  each  cylinder  (6) 
Coolant,  leaving  engine,  each  bank  (2) 

Coolant,  entering  radiator  (at  radiator) 

Coolant,  leaving  radiator  (at  radiator) 

Coolant,  entering  oil  cooler 

Coolant,  leaving  oil  cooler 

Oil,  engine  sump 

Oil,  engine  gallery 

Oil,  engine  turbine  drain 

Oil,  entering  transmission  cooler 

Oil,  leaving  transmission  cooler 

Fuel,  leaving  tank 

Fuel,  entering  engine 


g.  Pressures 

Pressures  of  the  following: 


(1)  Air,  vehicle  ambient 

(2)  Air,  entering  radiator 

(3)  Air,  leaving  radiator 

(4)  Air,  entering  turbocharger  compressor 

(5)  Air,  air-box 

(6)  Coolant,  surge  tank 

(7)  Oil,  engine  gallery 

(8)  Oil,  transmission  main 

(9)  Oil,  transmission  lube 

(10)  Fuel,  leaving  second  filter  (entering  injection 
pumps) 

3.  Specified  Limits 

Stop  testing  before  exceeding  the  following  limits: 

a.  Coolant,  entering  radiator:  230  P 

b.  Oil,  engine  sump:  285  P 

c.  Oil,  leaving  transmission:  300  F 

d.  Exhaust,  turbine  inlet:  1350  P 


Tests 


a.  Power  Performance  Test 

Determine  power  and  fuel  economy  under  the  following 
conditions : 
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(1)  Ambient  temperature  of  vehicle:  115  +  5  P 

(2)  Wind  velocity:  5+2  mph 

(3)  Direction  of  wind:  head 

(4)  Transmission  speed  ratio:  first  gear 

(5)  Engine  power:  maximum 

(6)  Lock-up  operation:  engine  speeds  2800,  2600, 
2400,  2200,  and  2000  +  10  rpra 

(7)  Torque  converter  operation:  Prom  0.8  to  0.3 
ratio  (maximum  temperature  limits  not  to  be 
exceeded) 

b.  Stall  Test 

Perform  stall  test  as  follows: 

(1)  Shift  transmission  to  fourth  gear. 

(2)  Apply  brakes. 

(3)  Open  throttle  to  maximum  power  position. 

(4)  Measure  speed  of  engine  when  temperature  of 
transmission  outlet  oil  has  increased  to 
275  P. 

Perform  stall  test  before  and  after  each  cooling  tes 
c.  Cooling  Test  No.  1 

Remove  equipment  for  measuring  fuel  consumption. 
Install  original  piping. 

Conduct  cooling  test  under  the  following  conditions: 

(1)  Ambient  temperature  of  vehicle:  *115  +  3  P 

(2)  Wind  velocity:  5+2  mph  ” 

(3)  Direction  of  wind:~  head 

(4)  Transmission  gear:  first 

(5)  Engine  power:  maximum 

(6)  Transmission:  in  lock-up 

(7)  Engine  speed:  2800,  2600,  2400,  2200  and  2000 
+  10  rpm 

(8)  Condition  of  vehicle:  All  grille  doors  and 
hatches  closed. 

After  stabilization  of  engine  coolant,  engine 
oil,  and  transmission  oil  temperatures,  continue 
test  for  15  minutes.  Record  data  at  start  of 
stabilized  period  and  after  each  five-minute 
interval. 

*If  the  vehicle  does  not  cool,  the  ambient  temperature  will  be 
reduced  to  the  value  where  the  vehicle  will  cool. 
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d.  Cooling  Test  No.  2 

Conduct  cooling  test  under  the  same  conditions  for 
Cooling  Test  No^  1|  except  torque  converter  shall  be  operated  from 
0.8  to  0.3  speed  ratios  in  increments  of  0.1.  Discontinue  testing 
If  critical  temperatures  exceed  limits. 

e.  Investigation  Tests 

If  the  cooling  system  is  inadequate,  tests  will  be 
conducted  to  obtain  information  for  correcting  the 
deficiencies. 

f*  Miscellaneous  Information 

(1)  Measure  and  record  all  oil  and  water  added 
during  project* 

(2)  Conduct  observations  of  the  cooling  system  for 
the  following: 


(a) 

Any  difficulties  in  filling 
such  as  air  entrainment. 

the  system 

(b) 

Aeration 

(c) 

Leaks 

(d) 

Overflow.  Record  amount  of 

overflow. 

(3)  Observe  and  record  any  difficulties  encountered 
in  starting  and  stopping  engine  under  hot 
conditions. 

(4)  Investigate  and  record  all  deficiencies. 


TEST  RESULTS 

The  data  shall  be  summarized  by  charts  showing  temperatures 
of  coolant,  engine  oil,  and  transmission  oil  for  each  test  condition 
with  respect  to  output  speed.  If  the  cooling  system  is  inadequate, 
the  data  shall  be  analyzed  to  determine  nature  of  deficiencies. 

All  other  deficiencies  of  the  power  package  shall  be  reported.  Per¬ 
tinent  Information  of  performance  shall  be  included  in  the  report. 
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Test  Program  No^  575 


11  July  1962 


JOB  ASSIGNMENTS 

The  Instrument~£lectrical  Laboratory  shall  check  out  and 
calibrate  the  instrumentation,  and  shall  be  responsible  for  initia 
accuracies* 

The  Power  Plant  Laboratory  shall  be  responsible  for  installin 
the  test  setup,  conducting  the  tests,  recording  the  data,  and 
presenting  the  report. 

TEST  PROGRAM 

Any  deviations  from  this  Test  Program  shall  be  agreed  upon 
by  the  Project  Engineer  and  Chief  of  Power  Plant  Laboratory. 


Concurrence : 


OSSSSEh 


DANIEL  EWASHENKO 

Project  Engineer  -  Ext.  25-226 


Approved  by: 


LEE  A.  SMITH 

Chief,  Power  Plant  Laboratory 


XM  551  Vehicle  Project  Engr. 


Ext.  33-235 
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XM-551  POWER  PACKAGE,  LEFT  VIEW 
FIGURE  6 


XM~551  POWER  PACKAGE  INSTALLED  IN  HULL 
VIEWED  FROM  TURRET 


FIGURE  9 


XM-551  POWER  PACKAGE  INSTALLED  IN  HULL 
VIEWED  PROM  VEHICLE  REAR 


FIGURE  10 


TEST  CELL  CONTROL  ROOM 


FIGURE  11 
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fiSGINE  SPEED,  RPM  SPROCKET  B.S.F.C.  LB/HP-HR  SPROCKET  HORSEPOWER 
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PERFORMANCE  CHARACTERISTICS  OF  XM-551  VEHICLE 
FIGURE  12. 
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COOLING  CHARACTERISTICS  OP  XM-551  VEHICLE 
FIGURE  13 
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